The equations for the lattice strains produced by non-hydrostatic compression of the specimen are presented for all seven crystal systems in a form suitable for the analysis of experimental data. Examples of cubic (FeO and bcc iron) and hexagonal (hcp iron) systems are given to demonstrate that the analyses of the data give the estimates of single crystal elastic constants under high pressures. As the lattice strains can be measured at high pressures up to a few megabars using a diamond anvil cell, this approach offers an unique method of estimating the elastic constants at such high pressures. Further, this is the only method of estimating elastic constants of a phase stabilized under pressure. The article also discusses some other interesting specimen-material properties that can be derived at such high pressures.
Introduction
The fact that the stress state of the specimen compressed in an opposed anvil setup is non-hydrostatic was established in two early experiments. In a specially configured diffraction geometry, Scott-Weaver et al [1] passed the incident x-ray beam normal to the load direction in a diamond anvil cell, and recorded the diffraction pattern on a flat film placed normal to the incident beam. The diffraction ring which was circular to start with, showed a small distortion when the sample was loaded In an independent study, Sato et al [2] observed that the volume strains measured in MgO, CaO, NaF and NaCl up to 15 GPa with a Bridgman opposed-anvil setup gave anomalous values of the bulk moduli and the pressurederivatives when analyzed using standard equation of state (EOS). Both the observations could be explained by assuming that the stress component in the load direction was larger than the component perpendicular to it.
Singh and Kennedy [3] were the first to derive an expression, using anisotropic elasticity theory (AET), for the lattice strains in a specimen produced by non-hydrostatic stress state (NSS). The theory predicted that the lattice strain for cubic system is dependent on (hid) in presence of NSS. This theory was verified experimentally and used in the interpretation of the data by a number of investigators . The analysis of the diffraction data on NaCl using this theory gave interesting information on the uniaxial stress component [30] . It was possible to derive the values of (S11 /S) and (S11-S12) /S, where S=(S11-S12 -S44/2), from the analysis [31] of the compression data up to 1 GPa, which agreed very well with the corresponding values calculated from the Sij -values and the pressure derivatives got by ultrasonicvelocity measurements. This may be regarded as the first attempt to derive information on single crystal elastic constants under high pressure by analyzing the x-ray diffraction data obtained under NSS. A treatment of the subject based on the isotropic elasticity theory (JET) was proposed by Ruoff [32] . This theory is of limited utility in analyzing the lattice strain data, as it does not explain all the experimental observations. However, the model for NSS given in this paper is generally valid, and has been extensively used in subsequent works.
The derivations of the equations for lattice strains using AET recognize the fact that the crystallites constituting a polycrystalline specimen are, in general, elastically amsotropic. Further, of all the crystallites in the specimen, only those which are suitably oriented contribute to the diffracted intensity at the point of observation. The position of the recorded diffraction line, therefore, is an average taken over only such crystallites. The equation derived by Singh and Kennedy [3] was for the WC-anvil geometry wherein the incident x-ray beam passes normal to the load direction, and the point of observation lies in the plane containing the incident beam and is normal to the load direction. The commonly used diamond anvil cell geometry was treated separately [33] . Realizing the need of a general equation which included all possible diffraction geometries, equations for cubic [34] [35] [36] , hexagonal [37] , trigonal [38] and tetragonal [39] , have been derived recently. Following the procedure given in these investigations [34] [35] [36] [37] [38] [39] , Uchida et al [40] derived the relevant equations for all the crystal systems.
In this article, we first discuss some recent developments in the experimental techniques [41, 42] which make it possible to use the theory to the fullest to obtain the information which could not be obtained from the analysis of the data got from the conventional diffraction geometry. The equations for a general diffraction geometry [34] [35] [36] [37] [38] [39] [40] are then expressed in a form which is suitable for the analysis of the data obtained using the new geometry.
New Diffraction Geometry
In the normal WC-anvil geometry with the point of observation in the plane perpendicular to the load axis, the diffracted intensity comes from the crystallites with the plane normal perpendicular to the load axis. Funamori et al [41] modified the Drickamer cell which permitted recording of the diffraction data in normal (horizontal) as well as vertical geometry (Fig.1) . In the vertical-geometry, the diffracted intensity at the point of observation arises from the crystallites with the plane-normals parallel to the load-axis. 
where,
where GXR (hkl) is the shear modulus calculated under Reuss (iso-stress) condition, the averaging being done over the group of crystallites which contribute to the diffracted intensity at the point of observation. GV is the shear modulus of The equations derived earlier [34] [35] [36] [37] [38] [39] [40] can be rearranged to give the following relations for GXR (hkl) , Cubic System:
where,ƒ¡(hkl) = (h2k2+k2l2+l2h2)/ (h2+k2+l2)2
Hexagonal System:
where, and a and c are the lattice parameters of the hexagonal cell. It may be noted that l23 is same as B in Ref. [37] .
Trigonal System:
The expression for M is same as for the hexagonal system.
The Sij-terms are referred to hexagonal set of axes. For the trigonal classes, 32,3m and 3m, S25 = 0.
Tetragonal System:
For classes, 4mm,42m and 423, S16 = 0.
Orthorhombic System: Meng et al [4b] used the IET to derive an equation relating t with aggregate bulk and shear moduli of the specimen material, and the difference between the real pressure and the pressure measured by x-ray method in presence of NSS. The use of IET is relevant in the derivation of this equation, as all quantities in this equation are aggregate properties, except the x-ray measured pressure. The use of a more rigorous approach based on AET on the lines discussed in this article gives an equation [47] which is essentially the same as of Meng et al [46] , but contains a factor, f(hkl) , (as a multiplier) which is function of anisotropy factors. It may be noted that the elastic anisotropy is determined by a single factor x for cubic system. For other systems, more than one factor is required to define elastic anisotropy. The resulting equation is given by, Table 2 . Also see ref. [48] .
It is seen from Eqs. (2c), (2d) and (3b), that a plot of Q(hkl) versus l23 is a parabola [Fig.(5) ]. The three constants obtained from the parabolic fit through the data when equated to the corresponding terms in Eq. (3b) give three relations involving Sij terms. Two more relations are obtained by equating the measured a-and c-axis compressibilities to respectively (S11 + S12 + S13) and (S33 + 2S13). The t-values can be obtained using Eq.(5). The S, values were obtained in this manner for h.c.p. iron. The resulting Cij -values are given in Table 2 . A detailed account of this analysis will appear elsewhere [49] . The expressions given in this article can be used to analyze the data under NSS to get the estimates of the single crystal elastic constants.
